




























































.LQHWLFV RI HOHFWURFKHPLFDO (& UHDFWLRQV LV XVXDOO\ YHU\ FRPSOH[ DQG GLIIHUHQW ULYDOLQJ PRGHO
DSSURDFKHV FDQEHIRUPXODWHGIRUDJLYHQ (&UHDFWLRQ HJ IRUPHWKDQROR[LGDWLRQ
LH
PRGHO GLVFULPLQDWLRQ LV SRVVLEOH EDVHG RQ VWHDG\ QDO\VLV
VKRXOGEHPRUHVHQVLWLYHWRPRGHOGLVFULPLQDWLRQWKDQWKHVWHDG\VWDWHRQH,QWKHFDVHRIPHWKDQRO
LPSHGDQFHVSHFWURVFRS\ (,6 WKHSURFHV
VPDOO DPSOLWXGHV RI WKH LQSXW (,6 FDQ KDUGO\ WUHDW WKH IXOO FRPSOH[LW\ DQG QRQOLQHDULW\ RI WKH

V\VWHP QRQOL OLQHDU
PHWKRGV EDVHG RQ DSSOLFDWLRQ RI D ODUJH DPSOLWXGH H[FLWDWLRQ VLJQDO KDYH EHHQ GLVFXVVHG UHFHQWO\
NLQHWLFV RI HOHFWURFKHPLFDO
 7KH1/)5 KDVEHHQ
SURYHQDVDSRZHUIXO WRRO IRU FKDUDFWHUL]DWLRQRI QRQOLQHDU V\VWHPV > @ 7KHPHWKRGZDV LQLWLDOO\













RI GLIIHUHQW RUGHUV ,Q WKH IUHTXHQF\ GRPDLQ WKHVH OLQHDU PRGHOV DUH GHILQHG DV IUHTXHQF\



















ZHUH$ LV WKHDQJXODU IUHTXHQF\ DQG M LV WKH LPDJLQDU\XQLW 
 
7KH1/)5 DQDO\VLV DSSOLHGWRHOHFWURFKHPLFDOV\VWHPV FDQEHUHJDUGHGDVWKH JHQHUDOL]DWLRQRI WKH








JOD  TXDVLUHIHUHQFH3WHOHFWURGH DQGD3WPHVK









IUHTXHQF\ RQH DQG D ORZ











XS WR UG RUGHU 7KHVH KDUPRQLFV TXDVLIUHTXHQF\ UHVSRQVH IXQFWLRQV GHSHQGV RQ LQSXW VLJQDO
DPSOLWXGHDQGWKH\DUHFRUUHODWHGWRWKHRUHWLFDOLQGLYLGXDOKLJKHURUGHUIUHTXHQF\UHVSRQVHIXQFWLRQV
*Q  QIRUGHWDLOVVHH> RI WKHORZHURUGHUKDUPRQLFVZLOO
DOZD\VFRQWDLQFRQWULEXWLRQVRIKLJKHURUGHU IXQFWLRQV LH WKHILUVWKDUPRQLF
ZLOO DOVR IXQFWLRQV
PDLQ FRQWULEXWLRQ RI WKH VHFRQG IXQFWLR
V















RUGHU )5)V ZHUHPXOWLSOLHG E\ 66L66 DQG E\ 66
L66
 WKH VXEVFULSW VV GHQRWHV WKH
VWHDG\  $* DQG$* *
DQG *
ILUVW)5)VKRZW\SLFDODGPLWWDQFH%RGHSORWIHDWXUHVLQUHODWLRQWRW\SLFDO(,6VSHFWUDVKRZQLQ)LJ







,Q WKH IUHTXHQF\ UDQJH ZKLFK FRUUHVSRQGV WR WKH RQVHW RI GLIIXVLRQ LQ WKH ILUVW RUGHU IUHTXHQF\
RXQFHGSHDNLQWKH$*
E\DSODWHDXLQWKHORZIUHTXHQF\GRPDLQEHORZ+]$ZHDNVKRXOGHUDURXQGN+]DSSHDUVWREH
FORVHO\ UHODWHG WR WKH KLJK IUHTXHQF\ VHPLFLUFOH VHHQ LQ )LJ  7KHVH IHDWXUHV DUH UHSUHVHQWHG E\
VLPLODU RQHV LQ * VSHFWUD $ PRUH FRQFOXVLYH DVVLJQPHQW RI SK\VLFDO PHDQLQJ WR WKH IHDWXUHV









1/)5 KDV EHHQ VXFFHVVIXOO\ DSSOLHG IRU H[SHULPHQWDO GHWHUPLQDWLRQ RI ILUVW DQG VHFRQG RUGHU
IUHTXHQF\ UHVSRQVH IXQFWLRQV IRU IHUURF\DQLGH R[LGDWLRQ NLQHWLFV RQ JODVV\ FDUERQ HOHFWURGH 7KH
VHFRQG RUGHU IUHTXHQF\ UHVSRQVH IXQFWLRQ SURYLGHV YDOXDEOH DGGLWLRQDO LQIRUPDWLRQ RQ UHDFWLRQ
VFRSHRIRXUIRUWKFRPLQJLQYHVWLJDWLRQV
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